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(54) MAGNETORESISTANCE-EFFECT FILM 

(57)Abstract: 

PURPOSE: To prepare a magnetoresistance-effect film with the 
magnetoresistance effect hardly deteriorated even at high temps, 
and by which a great magnetoresistance effect is stably obtained. 

CONSTITUTION: This magnetoresistance-effect film has an 
artificial latticed film structure obtained by alternately laminating a 
conductor layer and a magnetic substance layer or a spin-bulb 
structure formed by laminating a magnetic substance layer, a 
conductor layer and a magnetic substance layer in this order. The 
conductor layer consists essentially of an element selected from 
among Cu, Ag and Cr, and an element having <1% upper solid 
solubility limit for the element of the above-essential component 
at room temp, is added by 0.1-30 atomic % to the conductor 
layer. Otherwise, Fe, Co and Ni are used as the main 

components of the magnetic substance layer, and an element having <1% upper solid solubility limit 
for the element of the above-main component at room temp, is added by 0.1-30 atomic % to the 
magnetic substance layer. 
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4 £ t * § ft t 1- * o 

u. Ag, C r <fc >>atf*t*5E*i: IT, £:h.£>±j£# 

T&iD7c5£4-ag'&Jf KO. 1 ~3 028 ; F-%?&&n£-£&o * 
*v»li, $t£Wf ©±J&#£F e, Co, NitLT, 
£ ft & ±«^T-* 4 tcsS fctt* 4 H»±ffi**aift \z £ v» 
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* h Axfa?mmit<om%}s.iji%)%:Wk k. & v» t , 

Cu. Ag, C r A Uatf*t*x**±*fl- 
j^HfiKiJV^T 1 %£lTO^J)Px;^Sr 0. 1 ~ 3 0/K? 

taw ? *fc » * * tr it o«itffit<ta*fli»w 

Cu, Ag, C r i •? gl**L47c3S£±J$;£- 
iii ! Iiai:i'V»t 1 %#.T<7>v3sjD7cSt£ 0. 1 ~ 3 01? 

-&^n-2>?^iD7C***Ag, B, Bi, C, Co, Fe, 
Hg, Ir, Mo, Na, Nb, Pb, Pt, V, Zr 
X *) S If it -2. 7cSi T * S £ t * #m t + 4 1 X l± 

[ffl*S4j Iftl^WAgti^ 20 
*i*t*»iD5c3(S* , Be. Bi, Co, Cr, Cu, F 
e, Ge. I r, Ni, Pb, S i , U <fc *) MlXtl&yc 
i«:4#«fc-f*BI*ffll.XliBI*?B 2 KE« 
oa^iSSts&^ffllo 

J8tt#«* r -. Fe, Co, Ni S'iMiU fio, £ 
l%JttT«3*;bD5E*«rO. 1 - 3 0flt?%4-trC t 

[W*fl6j aw* 

at£Wf3^ Fe, Co, N i t±S»tL« £ 
it h £.JS.$-e h h & B9 m± BWSffi K £ v>T 

[gf*JS7j «gtt#«^^*P^it4v^ii]7cS* f > A 
g, B, Bi, C, Co, Cr, Fe, Hg, Ir, L 
i, Mo, Na, Nb, Pb, V, Pt, Z r «o 

it z ytm x- £ * i t i ft m t -t * n * a 5 x a m * js 6 

[0 0 0 1] 
10 0 0 2] 

LTfflv><bit, a&* >-9-*a^ ? 50 
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K^<D#ffK£v>Tj£<fflv^itTV>& 0 
[0 0 0 3] ±fSa$t*SStS)*KU»i, ±KF e 

[0 0 0 4] Jfi$, ^ao^JSS-Sl^S-fojSE 

FeiO^SlttMiCr J: O&SiftitOti* 
jfrfcarfcAIft^RKiJVi-C, &+%*>©a^ig»ffc 

$ (jar> rg*«*i«tit«i*j t ) *»»e>ii 

a £ t **$g^ S it, «*«tft»*R^©JSffl sWtBf* $ it 
TV>S 0 Ufa- - U^-X, 6 1t, 

2 4 7 2 v\ 1 9 8 8$) 

*<0&, FeitCrfOffl^toWCt, Sttft: 
if* Co®, m#mZC\i!§i:Ltz®.*.-&t>*tX-i>U* 

Vilfc • UfcT i- • W-X, 6 6t, 2152^- 
v, 19 9 1$) *t^, ai4#Slc> ®u 3 

[0005] att^st^sta^st^c: 

tiZZ. t^^^itrv^o ■ ^-^ • 

^. x -f Xi, • T > K • v/i-f -f^ •"7t'J7*X > 9 
3t, lOM-'A 199 1*) 
[0 0 0 6] 

[%>E#8?SfeL«£ ? k-TSISS] L^U> ±ie<DJ:7* 

[0 0 0 7]*§l^li, ;oi9i««HSi:I*-c 
c < < , e*a$«gtt;a&*#£5fc Lr»t 

ft*a««tfta*R*«tti-*£i*Btti:i-*. 
[0 0 0 8] 

i»it»»t4fc»o¥a] ^#ai attest a*£ 

mm^i^-L, ai±#«WCRKKY (;t-^--v 
V, ^r-^x^, ^BB) 'ffi£<tffl* t «l§> 

ai±#:g7i J R36ai±WUifS-&1--6-i:^«t 19, KWnx 
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[0009] ttz. m&frm t mi¥%tm&i*m t &Z. 
<om izmm z nx % £ 3 m m * ^mi&mm t -r & * \£ > 

ten* § ^m^.tm^mm buzbnt^khixx^ 

Z> o 

[0 0 1 01 JSLtlca^fcJ: n Ztib<Dffi&\zi5\,-> 

mnz< ^Ttmzmni-zztizx *&vMiat£# 
mizmmnz< \,*7tm*mn-fz>z tizx »k 

[0 0 11] -MX, jS^SlcSvtLtc < v»7C^4-SJn 

-ftuiii v> t ^iza&izm^f^xm s tifz^&wcDmm 
mm^mi*. mftmtm&ftmttfizKizmmztix 
%zKJLfaTmm&<o&%M.m±zkWkx$>^x^ mwm 

Cu, Ag, C r XVMtfiiZTimi 20 
Kjsv>T 1 %iikT^ta%m 0. 1 - 3 OlE^^tf 

tof*s„ &*vm4, ai£#^ijf#/ii: attest 

tt&mxtbiX. Mftmtf. Cu, Ag, Cr-t^illf 

0. i -3 om^ro^-tr tw-c-*-6o 

[0 0 12] ±IE«^}g^^Mlcj3V^T> 

jiohej&^c u xtbz,m%\t. &fom\z~m<azixz>& 30 

*07C^tiAg, B, Bi, C, Co, Fe. Hg, I 
r, Mo, Na, Nb, Pb, Pt, V, Z r <fc *) Mli 

tiz>7imx-$>z>zti)mii.^o tfz, 5»#Ji<o±j£3- 
&a gX'b&m&it, mftmizmnztizmvTtmiB 

e, Bi, Co, Cr, Cu, Fe, Ge, Ir, N 

1. Pb, Si, U J; *)MtftiZ>7tmx-$>Z>Z bip&t 

[0013] ±8Ea«igt/ia*KKiJv»-caEtt# 

JSUli, Fe, Co. Ni, Cr, V, Mo, Nb, T 
a.W, Re, Ru. Cu, Rh, Pd, Ir, Pt, 40 
B, C, N, O, Si, Al, Ga, Ge, Sn, Sb 

C u Sr 1 - 5 0 m^%^ U Fe, Co, N i 

nSFe, Co. N i 4 JSft*l«]± 

[0014] FexCoyNiz (x, y, 2 50 
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5^x^4 0, 20sJy2£90, 5s£z£70. x + y 
+ z = 1 0 0 

at£#B K B * L K < v»5c* * »1P1- ftl* J: v> fc 

e, Co, Ni*±t»tU Zhh±J&.&"Clb 
7tmi0. 1 - 3 0 &¥%#<> *>cOT-*>i.o fc^li, 

Fe, Co, N i i±^t L> Jl.o % :ftt,± 
TOi^iDTC^* 0. . 1-3 OM J f L %-i"trfc<0-C*4o 

[0015] ^i3, ±Ea^»ifl:a*aiuiJv»T, at£ 

»«K*iDSft&«SJni5c*i:LTtt» tfOxJ*, Ag, 
B, Bi, C, Co, Cr, Fe, H g, Ir, Li, 
Mo. Na, Nb. Pb. V, Pt, Z r iVMtftiZ 

[0 0 16] 

[flum Ai«?R«it©**«a;«i*R, 
><*>7m&nm.%mm%±wk\zis\*>x, iwc^oi 

dE5-C**5c*4:H»UK< v»aSlW5c*«: 0. 1-3 0 
^•C**7c3Ri:H*HC< v^iDTcSfS- 0. 1-3 0 

[0 0 17] 

[HJfeCT] J^T. ^Jfe^iltticCT> Ririrtibvwmiz 
[0 0 18] ^^fegiJl 

V/Sllt-ttfflLT, F e20N i 4 sC 035J: *) ^Sf? 
1. 0nm<OSttfti2t, C u * 1 L C u KB 
j#LlC<v^7C^T**4Ag^iD$^T^*Jl$2. 1 
nmO*#13S-XIi:3 0a»aiLT, Alt&^IK 

[0019] **jfi«-cttfflu/;^/<f >m* 

Z-3©^-y7h5, 6t, *?-r7h5, 6tC 

- 0 (7)v-v ^ 7, 8i, #^-r^H5, 6±T-[alfe 

0(i, #v^-^^7, 8 SrifrLT#^-y^ h 5, 6 \Z 
J-flfiJ-f* J: l\z y f-ST-T-JVdlzJBLtittWbti, 9 
->r--y;V9 OB«Ai:J: >K h 5, 6± 

[0 0 2 0] ±I5AI^i L )^fllig^a^tyta^Ofi£ 
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[0 0 2 1) :Tfr=r> 
fifxB. : 0. 3 P a 
mnig.13 : 3 0 0W 
J&mmS. :0. 1-0. 5nm/sec 

li3mm, fifS2mm©Agf-?7***fc± - C*'< 
y 9 *) > P'Hto ^ tKi ty, ©±j£fl-C* & C 

ulCAg«r^*nL7t 0 Ag«DiliCu^- 

[0 0 2 2] -e-l-c, ««ata:a*Ko»fttt»-»i"* 
a g Lfco ansa, s#i^<^a 

gWvfeOQifcO. 1^^%, 5H^%, 3 0S?%, S 
*/4 0iIiF-%t LT±i£0<t 7 Lfca^ifit/i3b* 
It, JtiRtaJi: LT A g 4- jSsjD-^i* Iz&MLtz a^tiSJft 

+ -C2 3 01C. 2 6 0*0, 2 9 0t, Xy f 3 2 0'Ci:t 
[0 0 2 3] H3i:ite**6, *WBKAg*aSlD 2 ° 

•r 4 c t k j: »> mttf&tm&n mzsitt* m± s *t a c t 
i»te*4. tfc, Ag**o. im?%JBi±asip$*i-cv» 

ni?^'fbOW±^^l2«> ( b^'&**> Ag#4 on? 

*o +**>t», Agoasiraa«io. i ~ 3 ojn^%^a 

[0 0 2 4] jgifeff8 2 
HifePIl tlsiatc, fc/£L*#S^<z>j£2ra7c3S*A gd» 
fj P t {C-ft^Tja^tt^BSSr^ffiSL^o P t . 30 

OJSJDtis Cu^-y?HK, ItS 3 mm, f ?2m 
mfflP t y**-*/c±-C^-'<y 9 'J V^Srfio £i 

[0 0 2 5] *LX, «««tlt«I*IR<0»«kttK**i-* 

p t <omfcm^ <omni<o%m*miE.Ltzo aisei*, * 
t o&anfi* o. 5S^%, 30 

WLTjt2g + -C 2 3 CC, 2 6 Ot:, 2 9 0t, £^3 

2 o"c^r i nmv&Mmift ofcttKBjK&ftfEifc* 

[0 0 2 6] BI4 ig#Jf UP t fcigiD 

ig^-v^P t opiate, P trt«0. 

htibtf, P t#4 0®^-%^in$tLTv>*®-&(±^ 
v>?aT**ii* , ***« -tttto*». WM^P t so 
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eO?$*Dj|l±0. 1-3 0^%^ f ®^"C*^)i:v^X'i>o 

[0027] *J3, nmmi -eti, gr#Jio±j£:3-a*c 

AgiiSJlLT, Hlfe0!2T?l±, $#l«±WCu 

t £ vfciD L d*> *flt« ^<0*UP5E* Sr C u L £ 

< v^x^"C-** B, Bi, C, Co, Fe, Hg, I 
r.Mo. Na.Nb, Pb. V, Z r L 

[0 0 2 8] ^ifegB 3 

nmmi twimz, tziiL^m^^icuiPhA 

gicftx.. *#)i^O*lni3c**Ag*»?»Cu»cft£T 
I»af UilLfc. CuWv^iJD»i, Ag 

9-Y'J h±lw, IS3mm, HJ2mmiOCuf ^ 

LT, OC u©*Jn*li5IK ; F%fc L£<, 

[0 0 2 9] *LT, ±B«*UStfi»*«4:, 

L-rcu*«in*-f»wtf:ilLfca^«tt:»*Jlli*, * 

^4"T-2 3 0 , C, 2 6 0*0, 2 9 00, #^3 2 one 
[0 0 3 0] 15Ki«l!)>f>« *#*KCu*aSJ»l 

70*^^-2.0 

[0 0 3 1 ] &ib% *J&W3-CI4> ig#«<D3Ej£#75*A 

C u imuLtzifi. *#*^©J61ni5E**A gUH*L 
tc< v^TE^f^^B e, Bi, Co, Cr, Cu, F 
e, G e. I r , N i , P b, Si. U^CLfcMt 

[0 0 3 2] gjfeMi 

116 u^-r i d 7i7-f hssi i±u, ^Ji^ i 

tmn^A'-t'y 9 'J V^gS-ffiffi Lt, en>f J; 

2 0 0 nmOittfti 1 2 k, C ui 
tLCu USv#LU < ^yl$%r-$>2> A g #?3?jQ $ *tT & 
-5>JP$ 5 nm«0ig{*g 1 3 t, /<-vn^ J: 
2 0 0 nmOlttfl 1 4 F e 50M nsoi •? 
? 5 0 0 n m<DR5^ai4#^ 1 5 t «r, iO«»ca* L 

[0 0 3 3] JiE^ e v/N';v7'«itoa^JgfcL3cfi*MO 

[0 0 3 4] ^^•^J'^ ;Tfl'=r> 
*;< y 9 JfAB. I 0 . 5 P a 

EPinm* : 3 o ow 

^PjSS : 0. 1-0. 5nm/sec 

A g<oaSiPJi*IEJfi« l Cu?-^^ 
±tC, l§3mm, $ 2mmcOA g^y ■/ : Srft-^/-± 

#|^OA g W^iDfili Sm^/ot Ltzo 
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[0 0 3 5] •?■ LT, ±E««ffitS;S**Kfc, Jt««fc 
t r A g t jfiDn-fr-r K JSSBt L fc^ f > y yfiiii <om%. 
ffifetWt*. ^+T-2 3 0t, 2 6 0t, 290 

[0 0 3 6] HI 7 fcjjv*-tt**&, KA g Sr-^iD 

[0 0 3 71 1115 10 
Hifcfl)4 traatz, fc£L»#*^©«&iD5c**Agtf» 
t>P t KftAT«*liftifK&*R*i8«Lfco Pt 
•D^iPli, C u 9-Yv h Jitc, SS3mm. JJ£2m 

hium-eap t *-v7<ommzx quwlx, 

P t 0>mnS.#5& : F% t tc Z> X 7 »= Lfzo 
[0 0 3 8] -±|E«*«i/L«l*fllfciJV»Tfc, flJSflU 

*> % ig#Jf e p t **ioi-* £ t \z X *) T&%tetmmv> 

[0 0 3 9] fci3, *ifc«4-CI± v *#*0±J*fl"3i«C 

i:Ag SriSsiD LT.% %MM5X\i, fffOtWC 

iZP t Sr^iniLfcTi*, if-ffcJf ~-<Oi£;&nx;fiS£C u 

v»tcKT*)*B, Bi, C, Co, Fe, Hg, 
Ir. Mo, Na, Nb, Pb, V, Z r^K L/-»-& 

[0 0 4 0] ggjfegll 6 

*mmmx\*. m&m~~mu-t z>Ttm<om.mz x<>x. 

^mn-f 2> 7C% £ . Ag, B, Bi, C, Co, 
Fe, Hg, I r, Mo, Na, Nb, Pb, Pt, 
V, ZrtU, ZtiftUZ-o^X, -&lN7t$ti*ftz.tz 

tz. itmmtLX, »fl£Ji^j6iDi-«7£**r. Mn, N 
i, S i tLtz<b<D1,z^>\,*Xi>. Hfltdtfftt&ftgbaiK 

^coi^jDili 5 ® : f-% i: L£o 
[0 0 4 1 ] *LX, ±E*«»JStfi:a*«Kov»-c» 

[0 0 4 2] O : ftfc3l&©»**ft»*spfc3Mag» 

©»*wstfi;ai**©jfcji*5 0 %m±t > *^. t<Oo 

[0 0 4 3] ^ : ^MSMoa^«Jjtx!j*$t^a^ 
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i>co 0 

[0044] x : &Mmm<om%mm&&t$*-Mm& 

<Dm%t&iZ®%:mnittf3 0%&ffix$>hi><r>o 

[0045] m^iz-maytmimmt^^m^ 

[0 0 4 6] -tES¥ffliO*S*£fEl Kjjrfo 
[0 0 4 7] 
13? 1] 



Sft fin 35 
<a* >Ju 7C ■*t5 




A s 
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B 




B i 
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C 
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C 0 
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F e 
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H g 
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I r 


A 


M 0 


A 


N a 


A 


N b 


O 


P b 


A 


P ^ 


A 


V 


A 


2 r 


O 


Mn 


X 


N i 


X 


S i 


X 



[0048] mi izTFLtzftMkfrb. mtemizmmuz 

< V'x^f&a A g, B, Bi, C, Co, Fe, H 
g, I r, Mo, Na, Nb, Pb, Pt, V, Zri 

ttft>frz> 0 ttz. T&&m\zmmL*?-t^7tmxz>z>M 
n, n i , si *aanLfc»6-ii, m%.t&tiM&<ot&4s 

[0 0 4 9] HjfegQ7 

*^te0ur-ii, 7^7^ vmmjziz, nfomitmmiz 

9 'J >y§£B.i&m LX, F e2oN i 45C oasS- 
ifiSfri LFeNiCo Lie < ^7n3i-e&-5> A g 
j9«i&&D3fi-Cfr*!?3 1 . OnmOWii, Cui 
i}fc*J¥$2. 1 nmOifff/f Susies 0Jl$«ifL 

[0 0 5 0] iEAIfc^RflKSoaaHSSHSbSROdt 

[0051] ^^-^n : t;v3*> 

^>><^ 9if*\£ : 0. 3 P a 

ensD^* : 3 0 0 w 

^RiijK : 0. 1-0. 5nm/sec 

±Ea5HSt*So*Rt:i»v»rJi, FeNiCo?-^ 
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h±K, IS3mm, fS2mraf)Agf-i'^*« 
±t^>'n , -7 * 'J ^S-ff -5 r i i:i *) . att-fr/f o±j& 
53-T&&F e20N i 45C 035KA g SrjSsiJDLfcc -5" L 
T, A g O?S?JnSI±> FeNiCo?-y^±l:i^ 

[0 0 5 2] -eLT, «5CJStftSb*BtO»»k1±»cW-f-* 

AgOjJSiflASrO. 5Sf%, 3 011?-%, 

^4>-C2 3 Ot:, 2 6 CC, 2 9 0*0, 2 0"CtI 

[0 0 5 3] H8Kj^1-ft**"E», attWKAg** 

i . *7t, Ag* f o. 1 m.? %iik±^in^tir 

V'W»*<l;i?)MS^f)ft5^ Ag**4 0J£ 

=i-%ma £ ftf v»s^-&ii^asrff -5 fro^tf®-? 
4o a goasiniiiio. i~30il^%i f ® 

[0 0 5 4] *Jfc0l3-CI±. iSttfffOi^i 1 

F e N i C o OAI«?I«jS«aJCfitta*«Ci5V> 
T A g fci&tJOL*:**, &1±#:Jf ^OvSiSDTcSf 

IrFeN i Coi:l^LC<v>7ni-CiSB, Bi, 
C, Co, Cr, Fe, Hg, Ir, Li, Mo, N 

a, Nb, Pb, V, Pt, Zrfia^tHiC 

[0 0 5 5] ^gjrfe-gfl 8 30 

tCs atews^asin-r a g, b, Bi, c, c 

o, Cr, Fe, Hg, Ir, Li, Mo, Na, N 

b, Pb, V, Pt, ZriLt, -fft-fftKoV'T, 

K*j£BIL>!:. Sfc, JtK^tL-C, attflai^*Jp+ 
SxSS*Al, T i L£ fcOKov>Tfc, [Blti^ES^ 

[0 0 5 6] -E-LT, ±fB&&^tftJft2&mJ&Kov»-C, 

mMmm<om^&mtmmt, *£+-c2 90 mi 

[0057] o : f^Mmm<o^^.t&^s±^tm-Mm{k 
[0 0 5 8] ^ : ttjasiitoea&tftas^iajasft 
to. 50 
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[0059] x : &Mwm<om.%&mii^t$t-M : ®.®L 
[0060] as, «ttflE»K*sn%**«mLa:v*» 
SbJMPoifcHU 2 0%?lffir*** o 

[0 0 6 1 ] ±ISffFfffiOfe**^2 Kgtto 

[0 0 6 2] 

IIS2] 
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C 0 
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M 0 
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P b 
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Z r 
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A 1 
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[0 0 6 3] SE2 KT^Lfz^mi)^, «tt#«KE»L. 
K< v->7C3?t-e2>£ A g, B, Bi, C. Co, Cr, F 
e, Hg, I r, Li, Mo, Na, Nb, Pb, V, 

p t, z r *mnLtzt&&±, m.%mnM^<om^5itii t 
i»jt$ ft* it ittfticasi^t 

v»5c*T**A 1 . T i impBLtzm^t. m^t&in.® 
^o^-fkoKihtw^**«4v»c: t**fc^-&o 
[0 0 6 4] 

[S89IOS&*] J£Lt©&93j&»feWfe*4J:dK, #5H£ 

[giMoffi^am^] 

*RO— «*^i-S«it*Wf®BIT*4. 

Lfc*^? 9 'J >^fiO-fl|fiS:^|4r^-t«iEB&^Wia'C 

[H 3 ] i*#«0±j£##C u T-fc* AltSf K«jtO 
«A«tt»*KU»i6S*ifc Lfc £ § ofiajKiSi/tStffcJp 



(7) 



*m¥8-4 9 0 6 3 



11 

[04] IftS^M&i'C u -C^^AI^lISro 
4$ til] 

[HI 6] *^^^iifflL^^V;>^;V7'«iiOje^;ffitri; 

[17] m&m<D±i8,%-t>*c u-T?&2>AV>->*fr-7mm. 

[18] ^e#S<0±fiS;^^F e N i Cot*5AIft 



12 

[^•i-^Si^] 



10 



2?^ 

6 ^-r? h 

8 -> * ? * 



[ID 



[12] 



^2 

r-z 



l o 





5' " x 6 



[H3] 



[14] 



12 




200 230 260 290 320 



1 2 



— 9 



Pt3Knm5«?% 

PtSHHO. IKF% 




200 230 260 290 320 



(8) 



9 0 6 3 



[BS] 



10 6] 




[07] 




200 230 260 290 320 



-1 3 
-12 



--11 



[08] 



1 2 



A 8 S2E£5JB?% 




200 230 260 290 320 



7U> M-yOSI 

(51)Int.C1.6 HSUe-9- frrt^Ji*^ FI «**^ffl»r 

H 0 1 F 10/14 

H 0 1 L 43/02 Z 



